In this publication, we adduce examples of the use of hyperbaric oxygen therapy in urinary tract diseases. Hyperbaric oxygen therapy has been proved to have a positive influence on the kidneys of animals with diabetes, sepsis or undergoing chemotherapy. In the literature, we can also find many examples of the use of hyperbaric therapy with good clinical outcomes in human patients with prostatic hypertrophy, pyelonephritis, and hemorrhagic cystitis. The first trials of this kind of treatment of urinary tract diseases were started at the end of the twentieth century. In spite of the promising results, and numerous reports on the effectiveness of this non-invasive method of treatment, it is not currently used on a regular basis. Because many factors such as time, multiple applications, the parameters used in the hyperbaric chamber as well as the medications taken by the patient affect the quality of the result, further studies are needed to make hyperbaric therapy more suitable and safer for each patient.
INTRODUCTION
Hyperbaric is the term used to describe the exertion of a pressure higher than atmospheric pressure; "Hyper" coming from the Greek word for excess, the second part of the word being derived from the meteorological term "baric" suggestive of the relation to atmospheric pressure. The human is exposed to hyperbaric conditions when he dives or when he is placed inside specially constructed hyperbaric chambers. The chambers are used for therapeutic or experimental purposes. Patients who are placed inside the chamber are subjected to the sum of the atmospheric pressure and the pressure prevailing inside the chamber.
Despite the proven benefits of elevated pressure on the therapeutic treatment of humans, it is controversial because it may cause many complications. The history of the use of hyperbaric therapy dates back to the seventeenth century, when the positive impact of weather change on pulmonary disorders was observed, and when the first trials of modulating the ambient pressure in a patient's surrounding began. The creator of the first hyperbaric chamber was the British priest-Henshaw. Unfortunately, the side effects that occurred during therapy caused the suppression and long-term stagnation in the development and use of hyperbaric treatment. The main problem was to create the optimum pressure for participants; excessive pressure caused decompression sickness, while too little lead to hypoxia.
A positive turn in the use of hyperbaric therapy occurred in the nineteenth century. In 1855, Bertin created the first textbook of hyperbaric medicine. At the same time, many hyperbaric chambers were being created in European countries. The first hyperbaric chambers used compressed air due to reports of the toxicity of oxygen. In the early twentieth century Cunningham, who was a professor of anesthesiology from Kansas University, observed that patients with cardiovascular problems who live above sea level feel worse than those who live below the sea level. He came to the conclusion that raising the atmospheric pressure can be beneficial.
However, his real success was creating the chamber to treat the pandemic of Spanish flu as well as to treat patients with diabetes, hypertension and cancer. In 1937 Behnke and Shaw used a hyperbaric chamber to treat decompression sickness by using oxygen for the first time [1] .
Twenty-two years later Borema conducted an experiment that changed scientists' point of view. He exposed a pig, whose blood had been cleaned of hemoglobin proteins, to a pressure of 3 ATA, for 45 minutes. During the trial the pig breathed pure oxygen. This experiment proved, that under the conditions of hyperbaric oxygen, sufficient tissue oxygenation may be provided by oxygen physically dissolved in the plasma.It is worth mentioning that solubility of oxygen in plasma increases fourteen times under pressure of 2-3 ATA [2] .
Hyperbaric oxygenation leads to more efficient tissue oxygenation, where due to vasospasm, or severe anemia, erythrocytes are not able to reach. It also improves tissue oxygenation when hemoglobin is blocked by carbon monoxide. Not only does the solubility of oxygen in plasma increase under such conditions, but it also increases its concentration gradient between blood and tissues. This increases the strength of the diffusion which leads to a better oxygenation of tissues.
Studies also revealed other positive effects of hyperbaric oxygenation:
• pressure increase leads to a reduction in the quantity of gas bubbles in blood, • it reduces the time of the half-life of carboxyhemoglobin, • capillaries in damaged tissues shrink which leads to a reduction of swelling, • it increases the number of fibroblasts,
• it increases the quantity of capillaries,
• it leads to inhibition of anaerobic bacteria growth -it causes growth of osteoclast activity. There are many indications for treatments in which hyperbaric therapy has proven to be helpful. For example, treatment of decompression sickness, emboli, carbon monoxide poisoning syndrome, clostridium gas gangrene, soft tissue injuries, slow-healing wounds, intracranial abscesses, late radiation damage, existing conditions, high blood loss, transplant skin with risk of rejection, thermal burns, actinomycosis have all proven to be effective [3] .
Indications for hyperbaric oxygen treatment are determined by the Undersea and Hyperbaric oxygenation of the Undersea Medical Society (UNSEA).
In most cases, hyperbaric therapy is considered safe when pure oxygen is given at a pressure below 3 ATA [4] .
The first attempts to treat diseases of the urinary tract utilising hyperbaric conditions started at the end of the twentieth century. However, despite numerous reports on the effectiveness of this non-invasive method of treatment, it is still not commonly used in treatment of any of the urinary tract diseases.
Tests on animals have shown that hyperbaric therapy can have a protective effect on the changes caused by ischemia and on the amount of free radicals that appear after blood resupply. It seems that the major problem limiting the use of hyperbaric therapy is still the increased production of harmful oxygen radicals, and the ability to use excess pressure in relation to the host; issues that may lead to the associated side effects.
Scientists have conducted an experiment on guinea pigs which were put in a hyperbaric chamber at a pressure of 6 ATA for 30 minutes. As a result of this test, scientists observed damage to epithelial cells of the proximal tubules [5] .
Scientists studied the changes that occur in the renal cortex in septic rats undergoing hyperbaric pressure of 2ATA. There were no histological changes in the kidneys of healthy rats and three rats with a disease placed in the chamber. Other septic animals had significantly less degenerative changes in the tubules and glomeruli than diseased rats that did not undergo treatment. Comparison of these results suggests that the effectiveness of hyperbaric oxygen is impacted by many factors, but it mainly changes depending on the applied pressure parameters and the duration of therapy.
In research conducted by Aydinoz et al, rats that received nephrotoxic cisplatin were put in a chamber under pressure of 2.5 ATM once or twice a day. Rats that had contact with hyperbaric oxygen only once a day produced defensive mechanisms. Their parameters of renal failure improved and histopathological changes were less visible compared to the control group.
In contrast, parameters and histological changes did not differ from a group of animals which had not Polish Hyperbaric Research undergone treatment to rats that received treatment twice a day. Scientists came to the conclusion that hyperbaric therapy applied twice a day enhances the nephrotoxic potential of cisplatin but through mechanisms independent of oxygen radicals [6] .
Hakan Ay and his colleagues studied the effects of hyperbaric therapy on animal kidneys as well. They divided rats into three groups: the first one in which rats received intraperitoneal cyclosporin, the second one in which animals were placed in the hyperbaric chamber under 2.5 ATA of pressure for 60-120 minutes, and a third one in which the animals were subjected to the influence of both factors at the same time.
The researchers measured the level of oxidative stress in kidney cells using the appropriate markers and checking the parameters of renal failure. Cyclosporin turned out to be nephrotoxic. Animals which received it suffered from an increase of markers of oxidative stress.
Parameters of the study group subjected to elevated pressure did not differ from the parameters of the control group. Rats from the third group which were subjected to high pressure and were given cyclosporine showed a lower level of oxidative stress markers than animals in the first group that got the same dose of cyclosporin. Anyway, renal parameters of third group did not improve. The results of this study indicate that reactive oxygen species are involved in nephrotoxicity induced by cyclosporin which does not directly cause kidney damage.
It should also be noticed that the type of active substance -medications taken before or with the therapy have an impact on changes in a tested organism. Hyperbaric oxygen has an influence on the effectiveness of medications. Research done by Yilmaz Korkmaz indicates increased effectiveness of angiotensin receptor blockers while using hyperbaric oxygen therapy to reduce proteinuria [7] .
In 2014, American scientists measured kidney parameters in diabetic mice subjected to a pressure of 1.5 and 2.5 ATA four times a week. These animals were breathing pure oxygen in a hyperbaric chamber. The results of this experiment show improvement in the kidney parameters in mice treated with hyperbaric oxygen.
The authors of this experiment demonstrate that multiple exposures of tissue to the oxidative stresses induced in hyperbaric conditions, activate the antioxidant mechanisms in these tissues. It makes them more resistant to the chronic effect of cell stress and thus limits the destruction caused by a chronic disease, in this case diabetes [8] .
It was proven that hyperbaric oxygen therapy leads to an inhibition of apoptosis in renal diabetic rats. Results of hyperbaric therapy were comparable to metformin treatment [9] .
In literature we may find reports that hyperbaric therapy has protective effects on kidney tissues which have suffered from an acute ischemia -regardless of whether the treatment was carried out immediately after the ischemic event occurred or whether it was delayed [10, 11] . The mechanism which leads to the cell protection is still not fully understood, but studies indicate that increased expression of antyapoptic protein Bcl-2 and the production of antioxidants such as superoxide dismutase plays a role in it [12] .
Patients suffering from benign prostatic hypertrophy also experienced the positive effect of hyperbaric therapy. Scientists who performed experimental treatment in these patients indicate hypoxia of the detrusor muscle as a cause of urinary frequency. The treatment improved the ability of the bladder to hold more urine which resulted in reduction of the symptoms of pollakiuria, especially at night [13] .
Results of a study conducted by Kalns I Pielmeier seem to be very promising. Researchers showed in their experiment that 1.5h long exposure to oxygen under 6 ATA leads to synchronization of the prostate cancer cell cycle. A simultaneous increase in the number of cells retained during the sensitive stage of the cell cycle and the use of hyperbaric oxygen therapy could increase efficiency of chemotherapy and radiotherapy [14] .
Patients with primary pyelonephritis, who underwent 10 cycles under 2.0-2.4 ATA of pressure for 60 minutes experienced a decrease of frequency of surgical procedures by 36.2%. Postoperative hyperbaric therapy shortened hospitalization by 16.9%. The increase in the glomerular filtration rate and renal hemodynamics improvement is caused by the positive outcome of therapy on inhibiting systemic inflammatory response [15] .
Many reports of positive effects of hyperbaric therapy use in the treatment of hemorrhagic cystitis can be found in literature. Especially in inflammation that occurres after pelvic tumors radiotherapy. This noninvasive method of treatment proved successful also in patients for whom treatment with conventional methods had not brought improvement. It brought a resolution to symptoms such as hematuria and dysuria, with endoscopic images of bladder mucosum also improving [16] .
Improved availability of oxygen to the damaged tissues and its positive effect on neoangiogenesis most likely contributed to the success of this therapy. Some publications also report the successful treatment of cystitis caused by acrolein-metabolite of cyclophosphamide [17] .
There are known cases in which hyperbaric therapy successfully cured ischemic cystitis. Cystitis was observed in patients with chronic untreated urinary retention, and a patient suffering from gas cystitis [18, 19] .
Despite fears concerning this kind of treatment, the outlook for using oxygen therapy in treating diseases of the urinary tract seems to be a very promising. Another advantage of this method is its noninvasiveness and often good efficiency in cases where resistance to the recommended method of treatment can be noticed. Since many factors such as time, multiple applications, the parameters used and the medications taken by the patient affect the quality of the result, further studies are needed in order to refine and select a safe method of hyperbaric therapy for each patient.
